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(54) METHOD FOR IMPROVING CHANNEL ESTIMATION ACCURACY OF WIRELESS 
COMMUNICATION SYSTEM 



(57) The invention discloses a method for improving 
the channel estimation accuracy of a wireless commu- 
nication system with uplink synchronization or downlink 
synchronization. The method uses a code block with a 
interference free window as pilot symbols, or a code 
block with a interference free window to make spread 
spectrum for the pilot symbols. The window width of the 
interference free window is greater than the maximum 
channel transmission impulse response length, and the 



codes number with a interference free window is greater 
than the maximum subscribers number of the system. 
With this method, during system inherent channel esti- 
mation the interference is reduced, so the channel esti- 
mation accuracy is improved. At the same time, multiple 
access interference of the system is suppressed and 
other noise affection is reduced, so the system perform- 
ance is improved too. By configuring the system pilot 
symbols, the system can have more subscribers. 
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Description 

Field of the Technology 

[0001] The invention relates generally to a method for 
improving the channel estimation accuracy of a wireless 
communication system, and more particularly to a meth- 
od for improving the channel estimation accuracy of a 
wireless communication system with uplink synchroni- 
zation or downlink synchronization. 

Background of the Invention 

[0002] At present, the Direct Sequence CDMA (DS 
CDMA) system has been used popularly. In these sys- 
tems, multiple subscribers occupy a same radio fre- 
quency simultaneously, but subscribers are differentiat- 
ed by different subscriber characteristic sequence, i.e., 
different spread spectrum code. For the third generation 
mobile communication system, there is one kind of CD- 
MA systems, such as a Time-Division Synchronization 
CDMA (TD - SCDMA) cellular communication system, 
in which the time-slot structure is divided into data part 
and pilot part. This means that every subscriber time- 
slot arrives to the base station almost simultaneously. 
In the base station, a channel estimation is made 
through the pilot symbol, then the data part is processed 
based on the result of the channel estimation, such as 
RAKE receiving, multiuser detection etc. 
[0003] Since the received pilot part is an overlap sig- 
nal of multiple subscribers, so each subscriber pilot se- 
quence must be different. During channel estimation, 
there is multiple access interference similar to the 
spread spectrum system; so when making a subscriber 
channel estimation, other subscribers affection must be 
considered. The CDMA system, mentioned above, gen- 
erally uses a pilot structure similar to the GSM pilot. That 
is a cell uses a basic pilot symbol and each subscriber 
in the cell uses a pilot symbol generated by shifting the 
basic pilot symbol. This pilot structure makes a system 
easier to use channel unbiased estimation. The docu- 
ment, title "Low Cost Channel Estimation in the Uplink 
Receiver of CDMA Mobile Radio System" (by Bernd 
Steiner and Paul Walter Baier, FREQUENZ 47(1993) 
11-12), proposed a channel estimation method which 
can simultaneously estimate all subscribers channel 
once. Said channel estimation method uses least 
square method and estimates all subscribers channel 
once by solving the equations. The upper limit of chan- 
nel estimation performance is determined by the 
number of subscribers, selecting the basic pilot symbol 
and system noise ratio. The basic pilot symbol can use 
various pseudo random sequences, such as m se- 
quence, Gold sequence or various orthogonal codes. 
[0004] With the method mentioned above, since there 
Is multiple access interference between each pilot sym- 
bol, there are receiving complexity and worse perform- 
ance for system channel estimation. Besides, there are 



other disadvantages as follow: 

1 The multiple access interference cannot be com- 
pletely suppressed simultaneously or decreased to 

5 a minimum level; 

2.The length of the pilot symbol and the possible 
delay of a real channel limit the subscribers number 
transited in parallel within a same time-slot of a cell; 
for example, in aTD - SCDMA system, suppose the 

'0 channel impulse response width of a single sub- 
scriber is 8 chips, since the length of a pilot symbol 
is 128 chips, so the possible transited subscribers 
number can only be 16 for a single time-slot and 
single carrier. 

15 

Summary of the Invention 

[0005] The invention provides a method for improving 
the channel estimation accuracy of a wireless commu- 

20 nication system with uplink synchronization and down- 
link synchronization. The method can improve the chan- 
nel estimation accuracy of a system, and at the same 
time, the method can suppress or reduce the multiple 
access interference in the system channel estimation. 

25 Therefore, the subscribers number existing simultane- 
ously at single time-slot and single carrier can be in- 
creased. 

[0006] A method, for improving the channel estima- 
tion accuracy of a wireless communication system with 
30 uplink synchronization and downlink synchronization, at 
least comprises the following steps: 

The pilot symbols of a system uses a code block 
with a interference free window, or the system uses 
35 a code block with a interference free window to 
make spread spectrum for the pilot symbols. 

[0007] The code length of said code block with a in- 
terference free window is determined by that: the win- 

40 dow width of the interference free window should be 
greater than the maximum channel transmission Im- 
pulse response length, and the codes number with a in- 
terference free window should be greater than the max- 
imum subscribers number of the system. 

45 [0008] According to the invention technical scheme, 
it is further included the step: according to different 
number of the system subscribers, code blocks with dif- 
ferent width of the interference free window are used. 
[0009] Since the invention uses code blocks with 

so characteristic of a interference free window as the pilot 
symbols, or uses code blocks with characteristic of a in- 
terference free window to make spread spectrum for the 
pilot symbols, so interference is reduced during system 
inherent channel estimation. Therefore, the channel es- 

55 tlmation accuracy of the system is improved. At the 
same time, multiple access interference of the system 
is suppressed and other noise affection is reduced, so 
the system performance is improved too. By configuring 
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the system pilot symbols, the system can have more 
subscribers. When using a smart antenna, subscribers 
in the neighborhood of an arrival angle can be config- 
ured with code sequences having wider interference 
free window of the cross-correlation, according to the 
subscriber position and the signal arrival angle configu- 
ration. 

Brief Description of the Drawings 

[0010] Fig. 1 shows the time-slot structure of pilot 
symbols using LS code. 

Embodiments of the Invention 

[0011] The invention is described in more detail with 
reference the drawing. 

[0012] The conventional spread spectrum technique 
uses various pseudo random sequences for spread 
spectrum, such as m sequence, Gold sequence or var- 
ious orthogonal code, such as WALSH code, etc. The 
general requirements of a spread spectrum code are a 
good auto-correlation characteristic and with fewer and 
small auto-correlation side lobe; but for a multiple sub- 
scribers system, it is required that cross-correlation 
function value between spread spectrum codes is small. 
The conventional spread spectrum code can only partly 
satisfy this requirement. For example, the WALSH code 
is completely orthogonal when the code words are align- 
ment, without alignment, the orthogonality is severely 
destroyed; and when the mobile channel delay is great- 
er than one chip, the correlation characteristic is worse. 
When these codes are used in a mobile multipath trans- 
mission channel, a multiple subscribers system will 
have multiple access interference. For a multiple sub- 
scribers channel estimation, if every subscriber has a 
spread spectrum code with good auto-correlation char- 
acteristic and there is a good cross-correlation charac- 
teristic between spread spectrum codes, then the chan- 
nel estimation accuracy will be greatly increased. 
[001 3] The auto-correlation function value of a spread 
spectrum code with a interference free window is zero 
everywhere except the origin, i.e.; this is an ideal char- 
acteristic. From the orthogonality point of view, every 
spread spectrum code is completely orthogonal with it- 
self at any non-zero relative delay. The cross-correlation 
function between spread spectrum codes with a inter- 
ference free window has a interference free window at 
the origin neighborhood. From the orthogonality point of 
view, spread spectrum codes are completely orthogonal 
when the relative delay between spread spectrum 
codes is less than the width of the interference free win- 
dow. A spread spectrum code with a interference free 
window has a good auto-correlation characteristic and 
a better cross-correlation characteristic. When two 
spread spectrum codes are aligned, the cross-correla- 
tion function Is zero. When two spread spectrum codes 
are staggered with several chips, the cross-correlation 



function also keep zero when the staggered chips 
number is less than the width of the interference free 
window. 

[0014] The Linkair Company has proposed a LAS 
s (Large Area Synchronization) 2000 CDMA system, in 
which there is a LS code, which is a spread spectrum 
code with a interference free window. The spread spec- 
trum code with a interference free window is generated 
as follow: the spread spectrum codes are divided into 
io two groups: one is called C code and another is called 
S code, C code and S code are used in pair. The C code 
and S code are generated as follow. First, it is necessary 
to hgye two bpsic C codes and two basic S codes, such 
asC =1,C = 1,sJ = 1,S 1 =-1. Then, LScode with 
15 other 1 length dan be generated with the following formu- 
las: 

20 

LS*m+ = Cw + Sm + = (C{ M B / + W S' M § / + W ) 

30 

M= 1,2,3... , /=0,1,2,..,2A<M. 

[0015] The above formulas show that two pairs C and 
S codes with L length generate four pairs C and S codes 
35 with 2L length, wherein represents taking one's comple- 
ment, + represents increasing the sequence number. 
[001 6] The code word generated with this method has 
a good auto-correlation characteristic. When the C code 
and S code are completely separated, the auto-correla- 
40 tion fuction has no side lobe. For cross-correlation char- 
acteristic, for a C code and S code with a total length of 
128 code word, there are 64 code words with (-1, 1) in- 
terference free window, 32 code words with (-3, 3) inter- 
ference free window and 16 code words with (-7, 7) in- 
45 terference free window. Besides, there is another char- 
acteristic, in the 32 code words with (-3, 3) interference 
free window, there are two sets of code words with (-7, 
7) interference free window. This means that a code 
block with certain interference free window can be fur- 
50 ther divided into multiple code blocks with a wider inter- 
ference free window. 

[0017] Taking TD - SCDMA system as an example, 
the invention Is further described in the following. 
[0018] In this embodiment, the physical layer struc- 
55 ture of a TD - SCDMA system is burst structure or time- 
slot structure. The uplink and downlink use same fre- 
quency band through time division multiplex. With dif- 
ferent spread spectrum code, in a same burst structure 
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or a same time-slot structure, multiple subscribers data 
can be transited simultaneously. The uplink receiving 
and downlink transmitting use smart antenna technique 
to process the signal in spatial domain. 
[0019] First, the original time-slot structure is kept un- 
changed. The 144 chips long midamble are updated, 
and a 128 chips LS code is used as the pilot symbol. 
The pilot structure is shown in Fig.1. Gaps, which are 
some protective chips without sending signal, can be set 
between the data field and pilot field of a time-slot. When 
other parts of the time-slot are kept unchanged, the total 
length of gaps is 16 chips. In Fig. 1 , three pilot positions 
are shown in (1), (2) and (3), respectively. 
[0020] When the subscribers number is less than 1 6, 
a LS code with (-7, 7) interference free window can be 
used. In a code block, there are 16 code words with (- 
7, 7) interference free window. A (-7, 7) interference free 
window code can provide a maximum of 15 chips time 
delay for channel impulse response estimation. In gen- 
eral, according to the system setting, a channel time de- 
lay is less than 8 chips, so it is unnecessary to make any 
adjustment of pilot position. 

[0021] If a channel time delay is greaterthan 8 chips, 
the pilot transmitting time of the subscriber can be ac- 
cordingly shifted to guarantee that the channel estima- 
tion is made within the interference free window. 
[0022] When the number of subscribers is greater 
than 16, the LS code with (-3, 3) interference free win- 
dow can be used. There are 32 LS codes with (-3, 3) 
interference free window. In this case, it is possible to 
provide a 7 chips time delay for channel estimation. If a 
channel time delay is obviously greater than 4 r then a 
step similar to step 3 is used. 

[0023] If the TD - SCDMA system uses a smart an- 
tenna, the pilots of subscribers, whose signal arrival an- 
gle direction are fewer difference, are configured with 
the LS code sequence having wider interference free 
window. This will expand the time delay for channel es- 
timation. 

[0024] After the invention has used the LS code as 
pilot symbol , u nder 1 6 subscribers , the system perform- 
ance is Improved, and under 32 subscribers, the system 
performance is better than the original. 
[0025] The invention uses the code block with a inter- 
ference free window as the pilot symbol, or uses the 
code block with a interference free window to make pilot 
spread spectrum. In this way, interference in a system 
is reduced during channel estimation, so the channel es- 
timation accuracy is improved. At the same time, the 
multiple access interference of a system is suppressed 
and affection of other noise is reduced too, so the sys- 
tem performance is improved. Again, through configur- 
ing system pilot symbol, the system can have more sub- 
scribers. 

[0026] Within the spirit and principle of the invention, 
any update, equivalence replacement and improvement 
are all Included In the scope of the Invention Claims. 



Claims 

1 . A method for improving the channel estimation ac- 
curacy of a wireless communication system with up- 

s link synchronization and downlink synchronization, 
comprising: 

using a code block with a interference free win- 
dow as pilot symbols, or 
10 using a code block with a interference free win- 

dow to make spread spectrum for pilot symbols. 

2. The method according to Claim 1, wherein code 
length of the code block with a interference free win- 
's dow is determined by following two factors: 

window width of the interference free window is 
greater than maximum channel transmission 
impulse response length; and codes number 
20 with a interference free window is greaterthan 

maximum subscribers number of the system. 

3. The method according to Claim 1 , further compris- 
ing: 

25 

determining the width of the interference free 
window of code block according to subscribers 
number of the system. 

30 4. The method according to Claims 1 to 3, wherein the 
code block with interference free window is a LS 
code. 
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